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This }*h,i)n %\maiM imdmr tlw h««ding "^ ntu^ lr of nlotiluti 
si9«atr« Hb VX, VIII, IX tu V««. TUV.** l« 41vi4«<l into thiwi 
Tfi itKstlcm 4« t^ «»r<i 9r# two #ini>t«r«9 X and II* In 
(C^mpt9T ly ii$rpn»iiMsti0ni ustKt In utimio •tmiatuoMi <iiil(suI«ti<Hi 
«iitd <>>w«n*« <id(ipt«d HartM* (lix) a<iUtofl at^ d««Qi>ll3«i4 in v«ry 
short* vhll« i«oi'l«i<itn>nio 9^u«nio«s and ita tatlllty in th« 
«nal7«is of AtxBile '^iip«otra i s ^iv«i in acva^  detail . 
In Chagjttr II, PTOduQtlmi of tim npQotra «nd th*ip 
r«oorditi|| at Lund nniYwralty (*^ h#««^ m) i« d««ori)i«dt paptioulart 
ar« tabulated. > r.^pafation of t^a llna l i a t at Migarti, as vaU 
a* tha aaparatloii of lonlaatlofi atagaa la dlaouaaad* A mtrnpSim 
of intanal^ varlatliiii of ndoULiM Xiiiaa baXonglng to vai^oua 
ionlMtloRa ±9 ilvan in Vbm font of a ta!>la mA lonlaatioii 
aaparatlon ot iiloMua l lnta (ffli v«»x) i« ahown dtagrannatloally* 
saatimi a 4Mnfpil9aa of fStamm lis^ptajpa. H i t IV and V, 
daalliif vith tha alxtlit al#ttili m»d ninth apaatra <^ niotdiii 
(m VX, nn m^ IX) i-aapaotliraly* In tha p««ton 367 * 1da7 % 
23S llnaa of Hto Tt ai« ^aa«ifi«d, out of vhidli only thvaa WIM 
knovn ft«f<ir« «il« Moru in this in»ii|«. «^ li«v« «v«Iu«t«d 
1^ nmt lm*«l9 of thia sp^Qtma imd oc>nfl»9«4 ^M 2 0 XnmUm 
(j«1) th^t w(nH» r«poFt«(t «arli«r» l!hla <iaBpl«t«« UpM» 5s« 69, 
7a» 9P flin^ ^  a^ p U4 oonflifurttUoiMi Ibut 6p^ ^ «n<l ^ ranaiisi 
£xiQaHiA«t»« ifiooIdQtnmio plots of ^p^M« 5«t 5<li ^Ht ^d, 7Sf 
5P» 6p, Uf, ha^^^p ^r^ and i^ aiip^ Uil asni ^Ivaii. 
271 Xln«« of IIto nil Tmgim ^foa 25*» to 1732 A «r« 
idi»itifl«d, Itiiaudlng canfls««tiati of 52 l i iws (^.««iilfl«di 
«arlt<i]f. otur w>cl( adblt 5^ rmt I«v<iX« lUi thla spaotnn to hs 
pTMnrXoumly )mam% «»nos« ocmfixnodl, vJonfl^ iumticma Wp%p, »»f «i« 
touq^ MKl ^or tha flrat tinoi t\io notw M l«V9la nr^ i foimd out In 
adctlticm. All of th^iw atmfliur«ti<m« [^i-^ M,5p md Uf riaaalti, 
hoiMVwrf lno£Mia«ta* laoailaotronle plot of $p lavuls la alao 
^lvan« 
o 
In nil :JI» 69 tranaltlona In tha region 253 - 696 A 
r<]praa«ntiii4 tha oonbiaattoiia ;^>*^ -*%^ Ml an<l Ha^^ • Ua i^ ava 
paportaAf 26 of Ihaaa ava aaw, 5 ravlaa4 fltid 39 old mwa 
OQiKniiHad* 39 ItfvaHa «pa iNQtortady out of ^l<Ai 29 tiomi iMon 
oonftiHOd* with aona inpio^awant* ntpNm isaw H<1 l«v«ila aro foiaad 
out Mid tun wm w/9Xmd» Orilf tuo Xarvala of kd .Ti^/2 a t l U maaln 
mOmmm h^nmmm of Xaok of ooM^lnatlon with tha lavaOLa of gvound 
aonflittratioa* laoalaotvonla plota of Mi^ % ,^ htlksf^ and Wp^ Hd 
3 
Ml tho Unam X<iv<il« of m vx« VIII, XX «r9 t«i3uX«t«(l 
eoRpotfiUont, in ««•« <3iil<iu3.«tliiiia ar<i arralla^a« ^oaitlona of 
a3Moat al l Iha Immm lavaia aini #1011 dia^rsmatioallyi with 
th« tliaoritloally prQdiot^ fd poaltlcoia of tha fani wiobaarrad 
Xanrala Indiaatad "by hroltma Xlnaa. In o*»s<i of Ifb vi and Vixi, 
tolooic diaiiraaa ura alao ^^vrni^ with a rapr«aantatlY« tranaitlon 
foy aaaii oontoSnatlcm. 
Two appan^oaa «oiath«r aonatl%uta ^aotioti ^. In ^pparxlix !» 
all tha 57^ <ilaa»ifl«Kl Unas of rm VT, VTII,tX ara aaaawblad for 
o tha ration 253 * 1H27 \« Aiaong t^i^aa, U^ llnaa rtipraaant nawly 
l<lantlfiad tranaiUona, 5 i*»iviaad and 93 old onaa« oonfljmad. 
In Appandix II , four apaotrogrivia of !«b (two with an alunini:Md 
$rattng and two with tha gold-ooatad oroa) aro p«ipK»duoad oowarlng 
tha oUaarvatiotial rangai pyoRin^it Xinaa of tlh VI, VIII, IX 
and of 0, AXf C iaapuiltioa wm ii«i*lfia4« 
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• mwiMr of Mb f$p««tr«« iim«ly im II3>>IX tmdtr HJP (lli>««tioii 
afi<l mMpmnrttUm durinff 1 ^ 1M% f«if ymwem* I «i vwir tiiB>P7 
to p«YMit Hr«iiui^t«e| AhMttd to vutait this tlMflla QOMprlilnc 
m» n , VIII «nd IX fbr tho atfard of tho Ph.D. drngmn of 
D«to4 17«7.1988 ai%N*a.%« (3i«#itiii> 
Q^PftMlt of i^«y»i0«« 
1 appraolat* iStut suattliMd lnt«r«8t of my mpmrftmr, 
nr»^m!i»?,* Cli«i^t«Lt In this voile. H* MOOIKSWI 1h« •pttotmoinns 
for Hit* wofic ftt th« Pt^«lot D«pM>tn«iit of Lund UntfrtHty 
(fnm<im) vlth th« fr«t«m«I OQll«l»or«tl<m of ?7r«J.o«rJclMr«* X« 
on «gr tMliaXf aa v«Il «• on ay «ip«rviaoi»* • toahftlfy ««i)cno«i3.«(lfO 
vitli fr«Utu4« tho Ltjmd ho«9lt«Ilty and 31i)Miri*« h«Ip In 
ptoordlas th« apoot?** 
UNi dcmti%« Pvof• B« ^^ 4X«ii hM not boon my off loial 
auMiP<^«or of tlilo thoalo, tait }io hat demo maeSti morm for mm 
than What a fomaX lUrootor 4o«a for • roaoaroh ao!io2.ar. Ho haa 
tooon not only canoinma but alao ymry hmaa to profvido ua imloili^ ltod 
aa woU aa unputaialMd data tiaofuO. to our %ioi4c «id hat taMn s 
lAt of palna pornmaSlly to <iii«<^ tlM aoeuracor ^t our analyaoa* 
m havo Aw«ya bonoflfftod by bda valuaia* «u<^««tlona« dia^tor ZXZ« 
*1lio alxth afpoetfuH of nlobiiii (Kb fX)% la mwAxikf baaod on hJU 
attgg««tiQ»«» I mix bo liBorinf • faot« If X do not aay tliot ha 
la my vm^mt/twvlmawm I oaqivaaa my ainooro mmd profiouMl llianlw 
to fiia« 
Ny oordiaX. thttiba aro diia to fSOm p«troB««o of my pwogym 
of voiSaMli on atoni« apMtro by llr*i*D« Oovan (Lo« nXmam 
ao&ontlflo Xiaiborotovy» u«d«A«) In providln< uo hXa «labormto 
oanputat&ont «id for hla pon^aalon to rapioduoo tbo unpubiLlaliMl 
oaXouXotJUMMi* 
t hmwrtHf •alcacM[L«4«« lilHi flnondiail mipfMivt %o Hila 
%iotk in tlM fom of sdioXayahipa and <X!«itlns4nel«s extanded 
btr tih* ni)iY«r«lt3r arants CamaskwtSjan and t3i« CounoH of salontlflo 
and Induatrlal Htta9ar«li (India}»I g]^t«full3f aO)ciioi«l.«d#a I I M 
halp of tiM irnivoraitf Conputar Contra* 
During tha ift«t f«v aontha of wmpX^tXxm of thia t«orii« 
X oo^d ovaroona fzuatration only dua to tha anoouragananta of 
Pmt* H«!^ *i^ , Kliafit Frof»Hohd.^^Afl imd Dr.larajr t^tHad. thic 
tliaaia la nothing but Idui FamtXt of thair imoouratan^nta* ^ a 
Haad, Pwotm H..';«R« Khtfi pyovidad aU n i^oaaaary fnoll it laa* 
noon aftar I s t a r t s ny jNisaaroh iiorM« I foimd my «^a 
unfit to nork on tha ooHparator* I t \I9T9 Bodra 4IaM« 4l»dul <)alyun 
and J»A« ^ajld« i^ io itara aXvaya i*aady to hadp no on thia oeoaaion* 
I m IhanHfui to aU of my filonda and ooUlaaiaaa —•«- aapaoiaUy 
to ir« m«}i1iiuXlali Khan «nd Q. ^lujataddin -«*~— for t3iair 
anooup«iani!)nta and augioatiofia* 
HjT fathar a^ qM-rad on l6«li May 1977* Aftajr hia da»t3) agp 
f«thai«»iii*liitf, Hohd* Itfuicpia KteaR* halj^ad laa I H M «r father in a l l 
raffiNMta* Bo alwaisra triad hia host not to Xot MO faal laia abaanM 
of vy fatlMir «id oantlmia my raaa«r«fti wofli pn»»«iSLy* 
tliaidca «ra aPlao dkoa to say nothar (Mra*Madia« Khodadad)« 
»oflMi^ii»<-X«r (Mr«»Fatta« Xhan)t ^dar brothara (Bhaan 4l»ad, 
mUm 4)»a4 and Aahfaq ANaad) «id bfii»lli«».iii.X«f« fbr thair 
patiMKM for auoli « lang parlod to ao* ^y ttioaia ooi^atad* thoy 
«l«o •iiQQiir«jf»4 iM alif^ni to r«talR tbm patl«ne«. an4 to 
ocmtmia* Hha iioi«i t i l l t t« flfiiO. st«4e« 
7«ii4«r mgftrtSs STQ dM to »y wlfo, Kh«R l^oorJ«h«it irtio 
h«lp«4 Ml in pr<qi«r«tloii of tlM ilpp«n(llo«g and tn oorrftotion 
of tlM tn^d Mf lpta . 
nmOly X thank miclit«r IHMSII I aiaaiql for (Soo<int tnHfif 
ttiul H M M M h^BAd for 4r«iiing th« flgiuhis a«rofitXl/« 
s, ,ft, nxMP X ,a 
anis*rm xx 
2.1 • PfodUQt&mi of t ^ sp«otr« 
2«2« Bi«iiHlliif of th« %ootna 
7*3* Fn9«raUoii of tli« LiiM tl«% 
St*H« ,i«p«r«tiQii of Xonia«ti(m ^itufoa 
CH4PT8R III 
m -mm wmmm w rmmm im m 
3«1 • intvoikiotiaii 
3•I* ^f%m «i4 nd Ooitfifay»ti«M 
3•3* ^^m Wk4 H#ip^ CtonfliUMtiana 
3«^» kp^^ QonftgtiMtfaii 
3«9« Qtnovil m.a«ia«ian 
cntrrm r» 
ti«1* imNik a%FiMtuMa w d ZntovsotloM 
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i« c i«Min«<i u ^ « t of ?iioiiiifli (Tib v x , ¥ i i i « i x ) ••« 6a 
«»•**•< 
Ih i t is «IM aiitb Ph*D. tlh«sla In thm }»iogv«i of 
amatm^mpiv wwrtSi in atultiixljr tonls«<i «taM«, thiit 
")»• niimm 3«l<laasaf«r Clf«cii7ia •Urtttil in t t i l i rMipar«n«Rt 
in 1969 with t ^ ooll«lK>rati(»i of ttio Lund Univorsi^C tlifo4«n) 
in «aQ>oinwinttl. MAttsra «n4 of tdio l«o« AXaaos iloiwitiflii 
Lai}or«toxy ClU.l«A«) in thoorotioal aoMputttimui. 
tiM f i ra t four th«a«» wor^ i basod on graalng inoi<l«iie« 
r*ioordlajSa that giir« ao«o<« Mostly to tho **r9aon«nQ0 
tirtn«itlon«** in tiM b»o«d«i* i«Bt« of inoXudlni «1I trmsltiona 
to tiM l«v^c of Cbo gtmmA mnttgarmtioR^ Utooo cro «l>«Qlutoly 
n«ooaa««y to mi l l out, 1MO<II«« Ihoy Xigr tho tounft fiotandotloit 
of <iot«fMlnlR« tho b««lo atmeturo of wgr oton* 
nam ^ « t thia noifi ia raaftoaaiay finiihoil 00 aost of tiM 
atoMlo ioaa of our ooaoam / t t t i i H to aoaiyManait wo htef 
«»lNar)M4 on vpootmi rooordod on nomail inoi4«MM woookai 
apootMiiMiAw to flndi out oaH93L<ita onorgy XoraO. atiuotuvaa of 
oMllMMl oaiifi#mitlBiMi iqr MMPlysiiii tv«iait&aiia iNttwaan HMM* 
thm f i f t h thMKU doiilt wlHi alx airaonitM apootra in ttila 
ir«g«rdt Him pr«a«nt «K1 ttM iMxt on* iS«MriYM the <l«taila 
of oiuf nork on nioliiia «>ootm* 
th« flp«t # i 9 t « r of thia thoait «ouah«a tK« tmaio 
thaory of Iha atonlo atiuetuto and tha aaoonil <laaoilbaa ttia 
faatttdl dtotaUa of tha a^parlaMmtail vofk parfos»a4. tha 
tfialjraaa of Kb v i , v i i i aii4 XX, baaad on thla fiottii«tmtiaii, 
ootiatituta aub^aot Mattar of <]l)aptara IH- i f • tfuMarlcal 
data of Hia laval atmo^vaa <latax«liia<l ara ^van In TaMaa 
fftd llluatvataa in fl#upaa atsaptaiwifiao* OJL <Aaaaifiad 
XiBaa ara aaaaaittlad togathar at tha and in foxM of m Appaadlx, 
ripaotfOfnaia ax« alao rapfoihiaad iilth naoaaaarjr nariitfii. 
I t la wall }mcnm tliat 4ata on MtaltlpXy lonlaad atoaia 
ara rmiptiJMA to <laol]plMV aat»op»i]r«laaI raooxniiiiia* thmr aan te 
itaafW to laaar fatoriaatUaia* vHumm dta^watlM and aolid 
atata irtiyalaa ato* la Hia laat daaada* fiiaioii aalaiitlata haaa 
luawa fvaatily lataraatad in hl^ily ioniaad atoaa* 
Aa o9ti«dLt qHwiaal and awar otbav propaFtlaa of aattar 
dapand on I I M a&oationia atntotiua of Ilia oonatltutliii atona, 
qiulta oftan in Ioniaad flam» nany ottsar vipliaationa of our 
atadiaa ara poani^lUi* 

tio «i{>«rtfli«it«l mtilyala i t posal^* to pApfom tbmtm 
d$ifm without aoiM sort of • mnttxdoil pmai of ttm «i«rgy 
iitx^otuM liivoIir«d« For oxm ^matron sp^otrft IDMI Uh ?, «a.(l 
ap«dtrosooi;>ie Mithoda of «itr«i»oX«tloii along a r^ dbavf aariaa 
•to. la atiU a^plloa^a for r^^ l^ar aituationat Whara fStm 
^ml9<i%v0n part of tha apaotrun arlaing out of IntamaX 
axel tatlona doaa not aauuia iaportant parturbatlcma* '^ varjMiara 
alsa, na naad •aatinataa baaad on (tb Initio ooMputationa or 
valuaa olatainad Isgr a aanaitlva iaoal^otronio •xtrspolatloa* 
In tha lattar aaaa* rail^ala data on tba oonaamad oonflgi^ 
rationa Huat Is* Kfall«^a In aitffiaiant quanti^ aa • pr^ 
raqulaita* 
Aa tha two nattioda w auffiaiaatly wall knoum in Iha 
lltaratttva, va gLvm aaHy a aaliant daaarlptlon of thaaa 
•atlMida to tha axtant thagr batta aonaaraad our wii4i« 
4 
^ Qliooa* to han<il«f v«vy prismvtiXft • tSmm 
iiid«i»«ii(lMit .1kdini«tln««r v i^uatioii 
(iwi) ^(r , f>,0) • 0 
vltti •ii«rgy i§» hviiltonlan H • HliMtie m%mr$f t • pot<intl«I 
•iMnor "f «ad 4^  th« w«v« function. V i s ttMmt to )>• a 
fonotioii of r orilyt M that i#« ilo not ha!V9 to t)ol3i«7 about 
tho ai^ NirLoal hsiiaioiilaa tor our puxip«>8«« and auffloo to 
mlkv tho radial a^atton racultiiig twvm i t . 
Koat of ttM atoMia atruatura aaXouXatloiia ara toaaa4 
OR ttiia aantral»fi«2>4 tvfiwoMimmtUm (Hatar I960, cii«8)« 
in iiiiiali i t la aaaiaMid thai aa«li aXaatfoa mg^nm ia a 
ai^riaiaiy n w i t r i a 9ot«itia3l anavir 9iwliMa4 bjr HM 
niMfiUiaa «i4 all mWmw ailaatnMa (bailiff 1968)* Rartvaa 
in 19a8t pmpoaa4 Ma MitSio(l» knoMi aa'Hartraa aalf« 
aa«iiat«Kkila(i4 nattei4* (.Hatar 196O9 Cli*9)| for aolviag 
««i%vdb-*flA4 prolOaHa. Zn hia mi«io4 tm Mo4ifi«d oantral^ 
tUHd proiOaM for laia pvaaanaa of axtra BiMa.«ar aiaotroaa. 
na 4id fhia ^ talcinf a wata funatioii iftdA ia aqual to tlia 
u 
product of Mix tiM oiM 4l«<stron \i«t9 tmwtum** HiUPtf«« 
atoMle vav* funotlon iMlng iijwwatriOt ^ d not Inoludt 
Paiiili*« •xoXuaJUm prinol!)!** thig j»rottL«i of inolufUng 
PwOLV a aMluaiofi prlncdLplo itfaa aolirod }>f Fo^^ Ip 1930 txf 
talcing «)ti»ajrkM«trl« wKva fuoiotiona. Thia »«thoil la 
oaUad •nax*tMa-roalc ai«tho4* (Hatar 1<l6o, Ch«l7). Tha 
aliipl«at funotlQii t^i^ih satiafiaa t^a 4oii<titlon of antl-
ayaMAtriaatloB la i 4at«x«inaa:ital !\inotlcm« Linaar 
aanbiaatiofs of datamlnantal f i^notlotsa wiH alao aatiafy 
ttM ocmdltion xiantlonoil laut tuia typa of funotion v l l l ^ 
ocMpUoatod* Hartroa-Foak nat'iod ^ivaa aoourata raault 
for lia«vy atons tMt not for too hogvy onaa^ vlsl<^ raqum 
ralativia%l« aorrootJU»M In tbo ttiooiy* 
tlw iiitoiio->4iff«v«itial. atiuAtiona Inwolvadl in tba 
ll«rt9«o»Fo«li HOlliDdt 9m too ocaqOioatoA ta htfidOLa* 'So 
aSaplify ttM 9MVUMff thaao wem dlviiSod into aaiaUoy 
MMsitaiao iBtagraHa tBaoiiii «• '.Hatay pai«iatora*« Thaaa 
niator paiwMtova ara wfittoa as Vnt (3||, 3 \ a ""'^  \ * 
6 
i.a* 
th« in%i»$rmk» F9 a aad T sir* tSM tmm atruotuM of alnflU* 
<i(iiifliui>«tian* fhm ijafmrmatUm of otiMP oonfl^upatioiui 1« 
InoXu^o^ thiough B)^  Intt^ralla* '"^ittiln « <sonfl(partttloii« F|^  
glTa th« fliipaPfttixm of t^ma vlth <1iffar«nt IIP>V(I1IM« In 
Li -Qoi^lni uhlla n^ provldkis •pl i t t lng of Hio tonis ^ l e h 
liavo swo L bat diffortRt matii»lieltlo« or total apln 
vala^a «1» ' Inal ly y ^ taHaa oara of tha aplltting of a 
aultlplat in Xavdia oorraaponditm to diffai'ant J-v«luaa* 
Laval valiMa of a nualaar of oonf iguratJUma In tarsa of tLatar 
paraHMtara ara glvan in tha l ltaratura (i'^arnkm md -ihortlaQr 
1993« ^^« VIXI Bdlas 196^ ata.) • i'i^ paronatara vanlah in 
oaaa of aquliralant aiXaatvoiia* 
In our malyala none, wa hava uaad ttia calculationa 
parfomail ^ H»o« Cowan tn 1967, ao wa w i l l naw liva a Hilaf 
outllna of tiia vPfoxiaationa Mada W Cowan In hia 
oaXmaationa* 
^a tar r^i^aoad Hartra^Foolc axatianga tain ^ Ilia 
atatiatiaaX potantisl anargjr* thla appioxtnation ia poor 
V 
in i>«pro<luQlnc tha <?otiloii)i s«lf»int«v«Qtloii &«t (lofiln«t«« 
•Mh«iS« %mm «t lam* r« Oow«i v«nt USQII to DIM n«rtM« 
M9thod «a«in, th9r«for«» wd auiitriidt«4 out vlth ltd halp, 
th« Mlf-intsraotion tmtm of l!flirtr«9»i^ (3k 8Ch«i«; th«n 1M 
90ffiXm99A tiM Hai*tf««-»^d»».1X«t«p potantinl isy th« cOlMaioal 
pot«ntliil wMirg^ r for ^tm 4mmi.ty f ^ f <fbr th« «loatr*cm« 
otli«r th«n i ) t In rt^aining porticos of lh« UartPCM»T^ ook 
ax<3fhi«iit t«r«9a. 0&%im nwm^iA tO'iia faathod im * H}irtr«MN>plua 
:7tatl«tloaPl iSxdiiiB#i (liX) :iGimm'. 
Covgn ooBparod hi« ciiloulatloiia with ttiooa of «aiMi>l-
Montal valiM« wnd touxiA « «:nt4SiAtio dapartiuM* 'fhls VM 
iiiioraiit to tha ^proiiKationa U8«4, «}4 «ah«sead lagr 
v^atlin«tia affaetfl, tlwu^i tlia lattar oouXil ba partlaiUjr 
ooi^ ViMatad lagr Bafwln aorraetion* Tharafota, Cowan 
<l«vaiIopa4 ttia Hathod of a«tiLlii« tiw oalaiiCUtail mrnrgr 
»«g<ia»ar« villi HM hady of tba as^rlMBtal vaXvaa aa folXowai 
CalwAatloiM av* ••da taw a raliaWly iiall Mnoim apaatraa 
and tha ^araaatara oalaiilatadi* than witto tha halp of tlia 
a9«rtMnt«3t t^tta^  fittad valiiaa ^i T^f <^ \ mad J^ aia 
o 0 
•Xae foyrutf oo «• to hgw ti#o s«ta of thoM ^nwrgj 
lat«grals ! •«• CD ototdiMd bjr e«lQUl*tioii ami ( U ) otit«liM4 
with tXM h^ap of •as»«xln«iit{sl Tsluaa* H«tio« iMtMVvn Inllridu^l 
par«i«t«y9 of th9a« tt«o ssta wm o)it«liM<l Whloli land to 
«vaXii«t« th« oof>r«<9% vtIU'9« of t^«a« <nR4iviy lnt««(r«l.s i^iwi 
0iQl«ial«tf»l Ibr nfi imlaKywi spaotinw* '.nth th« hmlp of tlii« 
9«ai-P«m«Mtfie «ppma<3li« n la!*s« fi\«b«r of sp<ictr« hmrm ba«ti 
Oftleulatod C :^ov«i 1967«6S) and voiry frultfulljr «aploy«d aU 
owmr th« world* 
1 .3 . ,^ .iffif;ff<?,%ffffl;^ ,t Mmmn^m 
Lot iM ocmsiiter tho «l<icMnta Kr« Hb, nr» t t ZT^ Kb, 
Ho, ••«•«*«. •«•*«• hiring AtoMlo nuMbomi 36,37t3%39t 
VO,Vl,iiSf ••••••*«•*•#• r«ip«ctlV4Lly« 4n3r two oon««oittiv« 
aoBborg of ttola •«n«a dlff«y In oxtra nii43.««r oIootmiM by 
unit/* If Bb If loniaod cm* tjUMf i r two tiiMNit t thvM 
tlaot « d 90 ont thou ail l9ioa« Smm wlXl hanra tlio a«Mi «xt7« 
iMMloar ^o^tvoBt ai Kr* a u ^ • aovlaa %miah oonalata of an 
al«iant md imm batliii tlia S « M laaibay of alaotiww la 
taiHOd at w *iaoaaa«tMiiii« aaqiaaneai (Whlta 193^ Ch* XVXXf 
9 
'$(a«a 196H)* neutral Kr 1« vilttwi as Kr I i^Ua «Ni Ions 
of thli M(|ii«n<3« «r« widtUn M Hb XI, nr 1X1, Y nr, Zr V, 
!ib VI, Mo VIX, • This flatiuanoo ! • nmmdi m§ Kr l -
««qu«iio« «Q(S tbo JUma of thia aoquaaoa ar« QaUod Kr I-liiia 
lona. Ihm apaotra of ttiaoo lona ara oaUad Er I-Iika 
aiHiOtra. HM iKMlMr wntt«) af tor tha aynbol of tiia oia»ant 
givaa tho not ^wtgt of tha oora l.a* :!i~(Ho1)t «»iara Z la 
1 ^ atacd^ o nuMbar a^d H la tha n\«bar of tha total, astro 
nuailLaar olaoti^na» tliia nunbar V()i~t) la dafiotad ^ T • 
For a nautral atoai T*" ^ «»<^  for a alngl/ Imilaaa atoM 
J** 2 ato« thua Tapaolflaa tha apootral nunhar. ^ r mMmifiil^f 
Jm 6 form n imiali wmmm tha aiith aoaotnai of Nb or tba 
cpaotnn of fl-ra-tlaaa lonlsodi raioMm atoMa* 
*flio iNHbara of m iaoolaetronla aociiaanoa dlffor la atoado 
nualMr Z and i»t In ostvtt na<aaar alootroiw* fhorafora, tlM 
trammftoM mdi •nargjr Xavala arlain^ out of tha Manbom of 
an iaoadaotroala aaquanoa aro aapootod to 1M aliillar* thaaa 
•lalXarttiao ara vary uaoAil In oonf lialnc tho trataltlana 
and anarflf lanrala obtalnad lav ^ a analyala of aaw «»ootr»* 
10 
It %m plot th« t«fM ^t%km t^^j^ va 2, %m find aoBllf 
«n>rosliMt« tr«n4a b«aaiiM T^ j^ ln«raas«a v«ry faat vifh 
Z« and tiM oo^p»ail«on f«i ls to rinr«al «v<tn »orloiat 
lrMfiaXariti«t In th9 anaXyala* iCdDlm (t96U), Ut«r«foM« 
g«v« a nwibar of p'opMoal n«t}K>4a for praolM <Kmpa«laon«« 
fnit of tiMisOt '^^  v^^ <l»«<3rtbo b«loir thoaa ii9t)io(ia that %m 
h«v« ua«d in tha oominn ahi^tara* 
Xn ordar to inaintaaa tha ««naittvitjr of tha 
VdapaiKlaat gn^a* f irat of al l n^^ la dlvldacl lagr J | 
than tlia plot '^f^^/J v« '^  siv«s downvmrdi trand with .!« 
baoauaa ht#iap Maraisara ai^ a iniah nora affaotad in tha 
diivlaioii than tha lonar nanbara* thany to uw^m tha ourvaa 
as horlaontA for hl^iar isanbara of tha aattuaiiaa aa poaailiXay 
a fftltiriaa aonatant * a* la aditod to J la tha aipraaalon 
n/T • M aa to Haiia I t ^{J* a ) . Thia aonatant 'a* 
«UX 1M mom affaatlva at tha ^ginning of Hia aaquamM. 
I t wi l l vaaoa* tha dtomravd aXo^ Mi of WJ v« t plota mad vUX 
alMoat atral^tan tha eiiwaa tor hl|(hay MHhara* thla 
tm^hBHapm la adoptad la tha eaaa of flM lanraXa of tha grwmA 
Ix 
oonfiiyirmtlan or In th* aas« of « oofifiiur«tioii hafnag 
tiM amm n as that of gmund canftgofrntUm* 
In tNi oa«« of « OQfifl^ration hovlnn n diff«x*«iit 
fKw th« gi^ ouiKl €Kiiifliur«tl(nsy -JiT* ^ ^* '^  glv«a «i 
ugnfavd tiNfKl for hl#i«r n«Mb«r« of th<i aoquinuM. th l t 
umtardi iloiHi i« r«<luo«<l W ms^t^msitkMg'^C^ fnM -^ /C -^^  •){ 
%^«r« CT^  • H <1/i^ - 1/fi| ) 14 ifviotm as l^droganie %•!• 
(n b«l}ii ^m njrdbarf oonstrmt and ii^ » ng prSiialpa3. quwitiai 
ivi»ab«rt of th« gnmndi andi tha othar aliall involYad la Idia 
oonfliura^Um otmaaitiad raapaotivaXy) • tim mitm%T%QXSj(m 
of 3*^^ aff«Qta tha hl^Mi* Mambara nofa* 48 a raault tha 
<9tfar4 €ljcfp* la raduoad «rt«l I M fat iMttar roaulta Iqr 
plottli if l/ij* a) - y^Jj*** «• 
I f tha atfuotiupa of tha onsflguratSdii la <i«aa«tlon la 
w«II lOMMB aU Aonc tha aaquaaaa, tha 9m%tm of grantor of 
tha aanflgamtlon la tmmA out and (s»K*)/r^a 2 la plot tad 
(n* atanda fbr aantva of gravity of tha aanflittratlon) • Xf 
m t tha atmotura of tha antlra oonflgiiratlaii hyt only a 
9«vtlaiAay lavtil of tha aonf Iguratloii la hnoim raXlahly AU. 
dABg tlM a«qia«ioat than wa talM %* to laa tha laval valna 
of that 9«tlaiday lavaQL. Xn dranliig (i^'^«)/J' va t gravhat 
12 Ifyl 
v» WKf adNI o? 8ul>tr«ot m oanstnnt * •* fvon J t or iM 
iutotmot mmm quontitj Multlpll«d lagr J" fron (^^^^*)/J' % 
or w« (So liollih aoooiHUftg to ouur nooila «n<l r i^iir^B3«mta» 
thua th« sdLM of obtainiii« atral ^ t an4 aa Huoh horlaontftl 
t«qii«noaa «• pot»iM« 1« a#ii<iva<S imd V9>y a^nalUmi aeaXoa 
ftr« 1M04 for pOotting* )«i>«rtur« fT-oM mxoo^bmmnM la than 
lntarpr«tto4 aa isialyala or n«aauran«ist orror. If not (tea 
to axiil^nabla IntaraGtlona* 
Thoaa griti^a ora ua^d for pr^dloting poaltlona of 
ufiliiioiiii XovaXat aa noil aa for frxtfin^, or rajaotiiii 1^ 
nimita oonpariaona, tiM axtatlnif analyaaa* 
l^a^B wHa i^rtW 
13 
mmm»^iv.M. 
ISM i»ro^ hMtion md P9«or4iti« of «hii wMMtra took 
vHmtm m% tho i^aloi BopiuPtmnit of Lvviil Unlvorsltgr (i^mt^m) 
as « roaiat of iStm lonf oollaisoratiaii l»««i#««i BF«H.;!l«2»ai«#itai 
!Sh« iiiolaltM ip«otfn«i ««• mtaltmd imaUy In a <a«aaieal slidlni 
apai4t aouMM* .^  auitalOy out iOLiMliia (AljP^) ifloak vaa uaod aa 
apaooy iMtifaoa tho al,o«t»»<la« of nloMiM io4a (imrity 99*9^) 
tttsOLf nacAtliMd to oataUUiii ^smd oontaota* VitfXta«oa of ovdov 
10 KV w«M <iiilla<l to oi»vl«na«» (olaoiit 0«5^)« that <lio«ia3Pia<l 
th«oit(|h an adkUtloiial in4ii«tflB«o of thUfli o^ ^par WIM offoflni 
a fan MR 9or tafnt thta ooiAd la vaxla4 fson aam to taan^ 
tttina* A fair apai^ ia pmw aaooml wm pwa^Himd ^ adluating an 
muiXXmn «»«>* «ap In aiy althia ttia ilia^iavia aivotUt* 
In ow4mr to <at aono iri apaotra Amm of Itoo 0 «t4 a 
ioimiltlaa latvo^oad lor tha mmmr^ tiM oottvoa ta oaifVoHad 
14 
mixtltftyy g«> ifiM rmmffmd to olitstn «)MUt 20 sp«rtcfl p«r 
fttmatt* 
In 196^ 9 «l i ttxponima v«ir« t«k«n id. Ill •litUng «»«f4ia 
o 
on tho 5-4i jcr«sln< iiiol.(t«no« sp^Qtro^ ragili (about 1 ^ « ^33 A). 
tho ap«otjPOir«i« fmi^Xn^A raihor «•«!(« and w«r« usod iigf 
.1hi«Mh«<l AtMsdl CChaglitai «t a2.*197H) to pr<ip«r« • lino Hot 
in tho v<icloii oanoofnod* 
In t<i73t ^^ ^^ «P<i<ttmai VM v^ooyd«4 on t^ « nonly 
oonativiotod ym aomal in<i4«R«o ipootvo^npit, vming m 
•liMiiiiMd r«pXi«« gmitini (nlwiit l^OO » 2500 f)« Fiim yoaro 
lolor, odkHtiQiiiX ip««t«oir«i« w«v« rooordM on this 'voiy 
•IMOtVOimrtlt ^ ^ t h i s t&M • •Ol4»«>«todl l^pa.l«« glPOt&llg WU 
ALM IMO4 to obtdB ttroiiiOF «p««tr« ot ghovtov vatvo Xonftht 
(aiO<*90C) 1) • tlio Mgiwi or tftiis Moonting wui howovory 
oatwiaoi to 16!D 1 to MoaiUMt in mmnd wul hi^My 4p««trtfL 
ofdmif llMHi ttSAt (MMo too •tiong in tho fivot wMmtTm 
i'j 
on th« srttxini inai<l««iQ« «p«o%mgra3ptiy mOy tuo 
(tlfr«r«iit •P9«tr(i <iaiil<t IM p(»oojr<l«d on a s i n i ^ photosF«{^ia 
pliitfi* lin<l<iv nomaSl liioi<lan««t on «h« olh«r hmnKlt •in or 
•«fv«i «ipo«A3P«» i#9i^ titfian <» vat^ plat« v t ^ 4iff«r<int 
ooMtolnatiant of voXt«i«a» InduativiQas sriil apaite nunbcrt* 
D«t«U« of |}i9 r«Qor(llii9 wm girmi in 7«1)iX« 2*1» Four 
pliitAfl •!« baliig roiijimdMiMKt in Aiip«f41x II« 
'Tim flp«9trogr«i« wor« uaaMurad at th« Phyaioa 
Dapaytnoist of Alliarii HuaXin Utilvarai^ on an Abba ooQiaratert 
and vava XangHia ^im^ aaloulatad on tlia IBMktIJO ocwputar of 
^ a Uni'faral^ uaing 13M fojmala 
A<id « « • lis • c«^ « m^ ca*i) 
Whava A(i) i« v<va Xaniftli otf HM Una at yoaitioii a and iit% 
c,d ara oonat«ita to Ha avaXuatad* Diia la dona W aubatl* 
tatlaf tSia A and s vaXuaa ckf fouv xafartmaa Xiaaat Qlwaan 
to aovar tha sRaatvaX yaf&on aonaamad aa ^nifoMXy aa poaaitXai 
tliair tntanaitiaa ahoiad tM nalthav too higti nov too lew. 
16 
(pvMfl ligr llM «p«a«rt iit^l* tSM up$uM alldat on i t t M V^U. 
Imovn li»«a of 0 I «VX and ia IX-n (K«Uy 196S> «i|p«rinxi««<l 
on ttw lib «i>«otyiM« tli««« iMpurlt^ Iin«« aLtio or««t« protHmta 
in Xism XiM% pT*»9mtm%Um «nil tiM subtHKiuint anal^rsii* w«v« 
lanftlis and r«a«tiv« •p««%Pil int«fi«itl«a «r«« t!t3«r#for«f 
oan{iii]<K»4 i3«i^ftaiy to mijnimlwm th«a« diffl<iulti««* H4il|> of 
op«n ipaxlc ]»90or<lins i s flnalljr t<i}t«fi to daoldo oa««« of 
viaotly ovorlapping Xln«i«« 
On our «?«otiogr«i«t liAoa «r« oontriiiutod tqr tMlo« to 
nino*ti««« ionlMd atont of aloliiiai (Vh ZZX«>X} t ^IOM of 
Vh X wP^iKfinti in tr«o««« 9 i ^ had to IM ««r«fUlly awparatod 
out oaponaantaUyt ^fov* att««titii an/ aitoeoMfUil. moatrail 
antfLytils* A vaidJittUi in^tiotar was Intio^aad In tlM apaili 
alMiii%« at tha tina of iNMK>yd1iiit for ttiia pifpoaa. 
It la ganavaUy «9«otad tttat m Inaraaao in Induat^ioa 
vlXl radaaa tha dlaoliaria aarrant* HiaPOiqr dlaf nvotiidng 
hldhar ionlaatien ata<aa arataHatioaUy* NiMlMr of apariia 
mM vaviad fnai mafiomtrm to ««pofliir«« liawanrar* ao tliat tba 
IV 
ovtf^nU «p«QtfVi tfi««auiltl«t rwaln da^par«ta«* this 
(tltlorts Iiii»-iiit«iait]r • • ln<luct«B«« r«tXation« w« htfr«» 
thvftffoMy «Q)Xoy«d t3i« olMi9i(nr<i4 tnt«n«lt)r vorttitlxin of 
Hnown trwstttona in ^« apsotra OKma«iti«d to dvaitto 
ohftraet^riatios of ^« XXtma that btXung to « piurtl<iia«r 
loni«tttiim« 
Ch4iio«a of ooafusioR b<iti#a«n ISjema of nvi^lKiiuriii^ 
iofiiMtioiM mr« naxlaues* ^« hatrt tslVdn <lu« Oftro to tliia 
Mftttart th«r«foyo« a^ apaetira of ?fb vr, VIII and IX 
oonatituta tha aulijaet Mattar of thia thaala, va h«ra 
atartad our i«oi4c tiy atuf^lng tha intanai^ variation eharaotav 
for Nte v«x. 
M avldant fivai faVLa 2.2 and Fl«*2«1, Nli T llnaa 
hava «ppaai«d atrangaat at 15 ooilai thagr daolina a Xlttta 
at h aoiXa and a89»i«iattLr at 0. 
Jta ra^avda n^ VX, otOy Ifefoa Xinaa wnra loioiiii In Hia 
wgUm of Ott» 93>ataat iMaaljr thoaa at A « 3^*379 325*79 
and 363«3a A (Haadar at al.«197a)« Aa thagr vara fknmd 0vai>-
a^aaad la tiia flrat ordar* aaoond and tal#iay ordan ^mm 
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1UHI4 to atiidQr lti«i* thmam l ln« i S9% 4li«tlfi#ii#MMl fran 
Vtmam of 1fi» f» In tlutt thior ooour atffmjg«st at ^ ooilst 
(S«9Uinliis sllii^tly at 15* 
mtmma 0 an4 U ooUs» liM9m of Hb if-VIl ^^liava in 
M) alMOst s^ i lay naimapy isitt ^lota of If^ f l l isaaoRia 
rwiafHalOy tmalc at 15 ooila. in tiila r«gav4t Mb ^ l l llnaa 
ax^ fwt »u#i tttffaranti ^ajr dliffar only <|tialitativaly 
f i m fi^ ^X« 
tifma Qt Ifb IX i^ xnf <xxa#ara^« in t^a l t i^a at 0 aii4 h 
aolla, i^araaa thoaa of Uh X ara atipmiiaat at niniioiai 
Inauattftaat da«aina faat at H ooila and idjioat 41aai>paa7 
at 15« 
Fi i .2*1 la draun vitl i Hia ha]^ of ?a>aa t«8t 1«t 
aiarvoa ara noMiaj.»t4 to glvo an ovdafOUr viaiff* 
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9 "> 
?h« f lT»»t t»«a iania«d «tQii o f i tLoMin (Hto V I ) 
i s Kr X^HiM i n i t a «I«»«ti<onio a t iue tuMy witSi tlia 
uaapl i t tad gn>i4id oonfiguratioii km^hp^ oofiaiaUng o f 
m ^n^ atata» Tha aaoitad aonfij iuratlona ara woatly o f 
«ha typa ^ ^ % ^ i a , o f nhiota J«1 Xavala of aona iid(niil«-6) 
«n<t aa(iio$»9) wura toxnm bofor« th la \torltf along v i t h 
ona l a v a l o f HaUp^^, ii«Milir ^P^. 
t l M a x o i t a i aonfiguvatlona bahava li lsa thoaa of a 
ahalaatioB ayat«i wiHi ainiglata md t i l ^ a t a t tlia lattara 
hmm isnrartad iMoauwa a H M M A * l a MiaUjr Invalirad* I t 
ilM«a4, liiiipa«iar« I M aatad lliat Ha^ N»^ Hdi and M i » ^ aia 
H M only aonfltfiayatleiia IBMMI to ua nhava La»a4teina holda 
•itffiaiantly wall* ^tvaiTHliaM ailaa, $K paly ooviaiiii 
aatatioiia liara toaan aulUKLy adaytaA* tatavafaia* 
9 
(-J 
ai«fl«a (I950) v«s «h« f i r a t to r«!^ p«>F« « tmt 
r—anmm U I M I of !fb V l , foUow^di togr Oi«^%al(1970) 
•tnaQtuM of l»i« «ioi««4 (xmflffUpaUofis of vr^  VI oooia 
not 1M Mnowi tMyoiKl th* J«1 l«v^« of iSttm ti^o^r^ii«iitloii«4 
Vp'iKl sad na X « T A « « 1I«O«M« only t^ «3r oonMao vi lh tiM 
Ml i ta iT »T«£» l«ViPL of I3i<i 4^t2r.i ooiiflgurmtloii« ^ bafv« 
tilo<i, ilior«fof« for Itio tlrat tXmm in thi« norti, to 
aii«IyM tr«is«ltlon« I M « I M « I HIO itmaltmd mmtigArmUmmf 
M aa to <t«t«iiilfi» tlialr omploto atfuotitvo* 
9m mtikfwU \m$m mi i i tlM a«af«fti of t»io«o ^ 
%mA9 lb«t ooHtlao wltb ttM itixnm J'nl l«f«la of a4 0014 
iM «Qiifl#miltMMt tkRW invalTliii tuo j«o»l aiMl 2 l«f«a« 
• f f^» iBumm «•!«• la t u n , U99d to fiixt out 1«««1« of 
ad «Bdl IM v i m ^ • a » M (U3. "nio M and 5« laf^Xa Min< 
IntoraotloiKffoo (7^i»3«1) ooiAd «U. bo «aUlill«ho4| U M 
•mm U tmm for 6« <i^i«3»a) oad 7« (Fi<.3*3)* F^MV 54 
3-3^ 
l«v«X« •9nt$fmA A^tmrmknsitixm^ as tr«isltlaii« to tfa«M 
f«lnt«(t oa%* 34o fi«ir 64 l«v«X laovlXd bt found* 
In F1«*3«H, posltioiM of o)hi«rv«(i Itnrals of tbo 
% i^i« aonflj|urtUaii« ar<s ahowiit Whllo In '^l^ ^S*? l«v«la 
of Hp^ di aro gi'V«ii« In i£h« l«tt«9t ISia thoorttleaLly 
pMdlotiKt poaitiona of tho unob««rvod l«v«la Hotvo lAio 
t»o<m indlaatoil IQT bMiUm Iln^iq, tsut v« laould not do ao 
la tho foxn«i'« boemuaa ttio thoorotloaPL oalaulmtlatia fbr 
St and 9« lavala K«r« not «vallaliL«« 
ih . ,tru«tu,« or th. >««5» oonftgurattoB 1 . 
daMmlii«ii oaaQiloiwly Ui ttila analysiaf <v«iatily daa to 
tt)9 Hlimto laoolaetmiilo dhmo^w «Rd vovjr h«3^f^ 
aufioatlaiM ttiairolagr pwvidad to ua ty Pvof« S^dloa. tbo 
lanraXa of tfeM intomailly asollMd iiaVp^ Mi ooitfliuvotloii 
aonHd OiHaa aian partur^tloiui to Wp'^ i^ «h« fomora 
havOf tiiavafoMv b««i pradlatal by fSdlan (^i«3«6) 
(Pfflv* €icM«)t thaf ar« f^ itnd to oaiiaa no aotloaaltilo 
u 
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26 
<l«i««« to t}i« «ioo1»m«<s of th« ^ 1«V4X olota. 
on «h« tos^is of th99o pro4iotloii«» tho four lorolg 
of U^p^ Wd oould bo do^]«iln«il <Flg«*3,H and 3*7) lihsou i^ 
ioodi intmultjf transitloat to tlw lov^as of p^^ Hdl. Tho 
two VaM l«v<il« vitta J«2 oro aato found to OOMMIM W112I 
th« aolltavy Knoim <^ ?^ ) X«v«l of ^«Np^^. 
rt%9 ocMtifigurattcm M N^?^ 6|» e«H(i out to bo quit* 
oamplioatod« **'fh9 r«i|{ular tr«nd la loctt ' in tho vorda of 
d^Xan,** f^r noat of liM lavtila vhon M^ oono to ir V and 
Ifb 'H* 'Shin matiaa tho id<«itifleatloiia «u«H)rot# On tha otbar 
hand i)proi|U3.?%fltioa •light orlaa fr«ai int«vfaranoa with tha 
<3anflguratioa Ha^ %>%d^  > t^lali la aay^otad to oovor a ivfy 
vida rttiga and oould Intvuda oa iha 6p a(»ifi«uratloB« Any 
pradiationa ragardliii tbta poaaibia latarfaranaa aamwt )M 
•ado mttiottt an axtanaliFa ttsaoiNittaail UiyaatiiatJUm." wa 
aoiiHht out 6p lavaila ttwoii^i traaaltiona to hp\4if 5<lf 6d 
aad 5«f ^ t rataliM4 oaajr ttaoaa wlil^ ara attpportad ligr « 
vacillav iaoalaatraaia trand (Fig*3*6) • I t la Sndioatad in 
iStm fIfura that tlia Mid Xavala v lU daaamd fast ano«i#i 
ri 
3.5* 
not to o«ua« iiu<h p«rtuy^«ti«iii «o ths i^ X<v«2ji of 
y^ V «iidi im V2* l«v««]. stnifltuM of 6|> M vol! «• of 
$9 1« «!•<« til ? i g . 3 * d . 
3 A * hsa? 
HM l4V«(l stfuQturd of kp^^ oonfliurftUon and i t s 
laooXttHtniBio plot WM glYW) in Flis»3«9 and 3*10 
ronpoativoly, jai tho Unown liiv<ii« of :^ r V «ro <tiip3.aoo<l 
fftOM tholv iioiMttI iioaitloii not only thmuj^ -vory atvong 
intorsetioiu v l ^ H^p^ H»<|, imt posalbX r^ «3.M vith toato 
l«Y«l« of tbo ualmoim oonfi|ur«tioii %>\(t? Wi VI lovoXa will 
«X«o not iMi intorsotlon^ffioo, «X1^ois^ to • XOM oxtont 
lioi»ofiaiy« tlila romton tlio onalsrsio IMI^ C iroi7 diffn cailt. 
Howmroi^ , wo or« r^poftlag nino X«v<iX« of tlito oonfi#iroti(m 
that ^vam rooooitatily rogular tiModia «i)«ii oonnootod dirootljr 
to T nr. 
In Fig.3*lit «U }lb VI oonfliOPatlQiiSt immm oonplot«ajr 
ov tn pwttf wMi #wnAi in b,oo)ui wacvo iwHiMini of IIMI 
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tii#3*t1« OIMM: DlMMmd <5<»ifl«iiratlof» of KD t l« y«w« mnlMr (<Hri) of • f«pr«a«ntativ« transition for «tt«ta 
oaHbliial&cMi i« 4;iir«n« XaooHplct* mRtlgarmti«m9 
9 C} 
^0 
f«piNM«iit«tlini 6tmmrwm^ oomwotlmifl ar« ii«ik94« 
OX HM lowum l«v«l8 ar« ftM«il3l44 In TattlA 3«t 
•loiii wltti p«rQ«it««« QQi^ poaitioiia as ooMputod tigr ooif«i 
<Pflv« Oon* 19^7) <»i tii« slnilo oofifigtupstiafi IIX apprail-
Mutlon* Ih* alM3lfi«d lln«g of ffb TI ar* Inoliidsd in 
It will 1M iiaetadiataly not«d th«t tBh« M oonflguratLoii 
l8 th« only ont to show <fieminmt L.'i-oo^pllng »X1 along* 411 
othar oonflgurationa ahow a larga paroanta^ of pufity vltli 
SK m^toMimmtUm* Lavala iMlanglng to aoaa J valuait bonraYar, 
ilioif an L3 prafaraaoa oooaaaionallyi thay ara ln<Uoatad In 
Tabla 3.1 iqr gtvSiit additiimal Ld notatioiit. 
tha iaoaiaatfonio dlagraaa ara plottad aa adviaad Ysy 
BdXwi, i^ ata ara ttiun tram Ra«iar (1975) tor ni» IX| 
Paraaon at A* (1972) f^r Sv IXZf ^atala at al . (1992) tot 
t XV| Baadar at a* (1979) and thm at al. (1981) tor Zr V« 
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^iL>^mm m^mm..jM,^.mmm W-jemi 
Th« flpvQtnjM of Mrv«»vtliM« toniMKl niobliai nttMNi 
w«fl f irst r«i|)ar%«il bjr (m« of u« CCh!i#it«l vm970Q)m%d 
1Umrcf9m>i \mom in our Xabofntorsr W Chattel «t all.(1976) 
and HiliiBfuIliili fit iil*(197^)* ?hla %foi^  QoiiQ«n»»4l vltli 
th« tmnsltlona **p • l^^ *»<|, 5» »n<t t»i« atini«3tu»« of tSi* 
oonftifuratlont lir^ >l'V«d* ^ a^ct«r »ii4 Ao<|ui8ta (1976) 
(scoiflmadi th« roportiwl i^^ oundi IntaFvals^lasiroving upcoi 
&M iriiluA of Up ^^ t^ '^^ ^^  adttod th« atruatur* of ht^^ liy 
o1»«mii« tha ra^manaa tranaitlon. Va^"* . U^ Wp^  
mtmm ^Mvrihin^ liia apaatria maXymU mvolvadi In 
^ i a iioik« i t la mmwt»v%*%9 to ra«ap&tuilata Idaaa aHoiat 
«ia l€Ta3. atfiMilMMa md ioaalWL« im%mo%Um9 involvad* 
tba fnatHMl aonflgiupatJban of Hxia aa l-lUia apaatnai la 
^^^ havlai HM tama ^ , ^0 and ^a« IQM la««niaUy axaltad 
aanflfm^atlaii Ha^ ^^  haa only %MD «am«t nawrily ^ mid ^p. 
7tm tnpl«ta ln«oilv«4 in lh<i«« tm oonfigurationa wm 
•ap«at»<l to btt iiff«rt«<l btoanuKi of HM p-holos. CU tho 
othor 4xol%o4 l«viil(i t^«t oonoom 119 ar* foM«<t on hfr 
^^Va* ^^3/a 5/2 *"* ^^^/2 3/2 ^ lnap«««in3 «ii«r«y ordor) 
4* paront atnioturo* idctltlon of <m« Sfdyp or f tilootraa 
jfiirot t«ir»a of odd aultipXloltjf, nm^y «in«l«t«t tFtplota 
e«nd qulntota with appi^ppiato L and J v«lu«a in tOf«« of 
t^adtimm* \H» hafv« naaignod l«v«l« in oonfointlty i«tt)3 
'^ «!)« e>ov«n*a 19^7^U ainglo oanfigurftUon osloiilatlona. Thay 
«haw an ai^raoiti^a alxintf of irarioua Xanrals with th« a«Mi 
•aliM of «r vithin tha oonfliuraUona involv«d« partlaulaily 
Hd« ^ and lif| noao of tha fomr a<dMnoa (L:1, Jig JKy LK) 
tfll«4 1^ Omrant 4«va a n»% advimluxga ovar tlia othars aa 
VitgaiHla larval puritlaa* fhm hs notatioR la adm t^ad for , 
lalMUlBi teaoHuaa aolSilnt b«%tar axiata* 
It la now iBwim tSiat in altuationa aiisUar lo tiioao 
of our praaoat atii4yt mtuf lavala b^Umging to nal#riK>iirinf 
tfonfiiamtaaBa HutUiOly tntoraot. In Hb tlU^ lavala mm 
aoparatad anou^ not to eauao alaiKiii< diatortlona and tho 
«^  o 
^ f « t of •»•«' on ^3kt Icvals hM already IM<IR thoMni^y 
atu^ttd (ti«a<|«r ana 4<3q[uls%« 1976)* Thm only odd oonfigUTntion 
iilioM influonoa on tiMM l<rr«Xs i« not atuiiad tio*fur ! • 
•^Wp 59* It i s totally unknown not only In Nb Till Hut aXao 
In t»m nulithiXRirlng M4Bl»«ini of tlia aaquanon* ^ anp^ot I t 
to Xio a^ iova %>%• and run paraxial to It on an iao«l<!30tionie 
dia^raav iMoauaa an ^« prlnalpal quantun miabara axv 
OQBMOR in tha tiio <3onfia i^rationa« Tho l«p^a lavals ar<) won 
^nmm foi* thiir fcigiaiaril^. ^^a oaUt ^a^foforo, aafaly 
naaiaM that Wa^^f) do not Q!«uaa parturbationa appTodabaLa 
in oxir praaant atudy* 
a » l n | to th. «•> <»nfl«ar,tton. •^^^.V.^p, « 
aotioa that not only tiM lavaOls of t^aa two oan miM togathar 
in fcvotiimblo oivouMatanaaa but thay oan ba aub^aot to tbo 
influanoa of HaHpSdf^ a i^ «^«otiif*aly also* Hhm oonfiguyatlon 
Ha^Nd itioiild run paraPLlal to hti^\i and iliould,th«rofof«t 
InfliMSM i t aU. aloRi tba mi^mawm Iha intaraotlnf 
oonaoBi^ y lanra&t of fSam two oonfi^ratioaa ttlUf tliorafova, 
ba •uataMAtioally dloAaood fx^ oM thalv poaitlona prodlotad 
3iJ 
on tinul* eantXgiTmtUm vmrotiMmtimit iMt no mbinqit 
<i«p«rtur«a «x*o •9«Qt«4 on tttls «eaoun%« 
5p and iMloM Htft^^ ,^ 7iinnln« par«Il«iX to th«i« In 
ht#Mr mmtiamrn of th« iid<|u<«ica XllM 9b VXXI i t vllX not 
«i«rQlM «ny appraolabXa lJiflti«no« on tha conflguvatioas 
irrrolirlni n VHIIMS all «c|uaa to S ^ ^ <*^ p«rtiifl» ii«By 
l«vola of A oonfl^Patlon XDM H«^^^!^» 
S^4iod»ia« tlM ab Initio <3aX<3ul«tlan« aivailiita« to u< 
40 not pfovl<lii an 9iitl»iit« of th«M lnt«i^oonfiiU]»ation 
latorft<ition«f v« )3a4 to taKd up th« wnaysis worii vlth 
9«ittl<m« 
^ wiAtS tlM lowim 23 lovtila of % } ^ oanf igmmtlan 
to iaanfti t)ios« of 5^ and Uf t^mu^ obaowalala ooHlidJiatloaa* 
tha 5p I«v«la obtainad with tha luap of %»\d»)9%p 
tvanaltiona ^mv mmtm dhaoiiad with thoaa of ^>%«t tlma 
fuytlMr oanfiMiaf ttia lattara* Two Mora ^ Xovdis mf 
obtaiiMd In thia pioaaaa* 
oonfl«ur«Uona % i^ll« in 
v'ica«***2» H«3 tfvl U«H, t^« «r)ar^ atructuuras of Udg 5p 
and Hf oonfliurttioiis ai*<i •'xnm Fa«p«otiv<iXjf, llw 
uiiol»«rv«<t X«v<»lg «r« givftn t^ bn>li«i llis«t. .Ol limr^ l 
P9rotmta^« aanposltiona t«> to 5"^ 9ifn nlao glv«ii«r<italniii4| 
only tha four hlnh^st ooiipon«int« of aaoli l9v«ii. o^ ss^ trrvd 
transitions a"* «lv«m tn App«ndlx !• 
It i« «vid«nt tram Flgs.U.a, U,3 and W.^ ai^ 
Ta^« H*t thmt tha «tiuotur!t of noithor of lh« oonflguratloni 
^>^« Wf nor ^ Qould b* ocMiilotaly daMmtnod* '^ 41 Miaaing 
lavala ulipit too appr^ o^lalAy dlapXaoad dua to HM poialtti* 
intaraotioiia diaouaaad abova* 
laoalootximio plot of kd lanrila vaaalna aaawitially 
iihat HiliiHuaiah at «L. T^povUA in 1978| «• do not raproduoa 
i t tli«r«ft»ffO* In tha iao«lo«tronia aa^ iuaiiaay aoHa data 
aira avaUamo on % lav^Aa of 2P vix (Khan 1931) • Kr III 
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FlgA.3« ^?^5P levels of Nb V I H . Full and broken lines hare 
the same significance as in Flg.^.2. 
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Flf*H.^« hp^kt l«v«X8 of Nt> VIIX. Full and brolcan lln«s hair* 
the saima Blgnlfloanoo aa in Flg«^«2* 
4 1 
(HtnriiMgwfi t t al.1969)t nr XZ inm 19^) and a<i X 
(Morinoo «t «!,• t9?^) • ^9 h«v« takon tli«ir iMlji to 
plot Fl««>»«5 in or<l«r to ^Mok r«suliirlti«t« a« nuoli 
a« po«ai1iil«* cm ^ lovald, <tv«n that nuaii hiiXii i« not 
«yalla^«* w« ami raporiin^ Hi^ aa d«ta on taiM hopa that 
our l»]Niaicliifl tha loa will atlnulata vorif on tbaaa 
oonflgui^tl<»}at aa i t haa baaa tha oaaa mtmy of tan in 
tha paat« 
In Flg»U,6, all olJaanrad oonflguratlmia of mi ?ITI 
ara 9haw^ ^ ijloelui* Full li^aa raprdaant aoiiplataly 
imown atmatui'aay i^hila bYoloan liaaa alxnff jUiacHRptlatanaaa 
ot «h. lnfo».t la„. -m.t th. trnmitUm, >«>>.>«.3,., „ 
obaarvad bjr Cha^tal at al*(19%), l ia out of our ranga la 
in<tiaata4 Qgr tha 4iittad lina oonnaotion* 
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H^  IX, dol ing vl€h th* oonfi^orationa hp^ md %}^ 5s« '^^s 
vaa la9>TOV«<l upon kqr H^i^iiiullah at •l.(1976) i#xi ulao w>rti«<l 
out %>'^  • ^ ) ' ^ trtnaltion* md ^ata^lidKKl 19 X«v«2,« of 
»«p^ »wi <t978). K«a<l«r it «l«{19^1) oonrtwad tJi^ ao %>^ -Up%» 
14«ntifiQatiiiii« land addtd to th«B nnalyals of **« 
ddtttmliiiiii hakp X^ TitXa and Jbq>i«nrlni \tpoii th« lnt«rraa. 
viau«« of ^9 fT^ynd oonfliuration. 
HM Ixm of m» IX la l iko tho ii«ittraX ntoH of ttjr««fil« 
(4a Z)f vlioao gnnind aonfl^ratlof] U « ^ ^ < ht^ onlttod 
IwiKiolbrtb) oonaiata of tlM torn* «sd l«r«Xa ^ y ^ t ^ 1 / 2 ^ a 
and ^^/2 3/a ^ ofdor of inoxHSMiiif onorgr* If tor on* % 
«loetioa i« ttialtod outt tdio i*«M«JUiiiif Vp^  glYoa rlso to 
i%) m4 i^n) «• par«cit toms* addition of ono M or 
5« oXootran fosultt in tho foUavini atruatui* illtiM«t«l3r 
MWMWWWW W « w i • i i i iWiwi nil i>wii MM a n i< nij' i — i m - w n » ^>IW»IM 
C^'.l) 
1 9 ^ 
=D 
>.-iw.ifiw •>**it>iij<wwb4*»ii—n»p w i i — m 
Hp^y'i i i ^ % 
"IWI W»iii>>MW>M)1.i>li|«l|l UmiW IWi«W> •l—iH'ilWuKpi laWIW 
Q^ 
iwMii«i»'*w'i»iiiM «»»i«iiiniii ! •• 1I1W 
TtMi ini«m«XXy •xelt«(t a^^ p oonslata of fbur t«i^« and 
of (%»>, 
On 4los«l^ •QfutlnltlBc th* Hp*^ «B«Xy«U of B«lilMaidb 
• t «a.«t ^ oan^ u<t«<l that th«lr <^)^'3/2 «n^ ^ ^^^^ 5^/2 ^***^* 
of M Mist ^ r09l994 to tiM valuoo'$!•«! Ill faltiXm 5•It nhUo 
thooo of <^)*^3/2f <^>^%/j «<* ^^^>*'*V2 «i«»*'*o*»^y 
iMPTCffOd* tho tnsiaiUon ^»^ ^^^/^T ^ ^ ^^^^^7/a ^^^ 
boyiaadi ^M jran^ o of our •pootyogr«i« «.-.-.«. s^d no ottior 
f^ mo« «• l««v« i t vntowimdm Th« ]*«ialfilii|| t j X«v«[l<i of M 
«• r«poiPt«d ^ nthimi^lltiSti «t aX« is4t ntovXy oonfitmmA im 
positicm «m4 v»L\i«. 
With tiM !s«lp of Cow«n*i 1967 oaloiilAUonat the ^k-M 
anaXyals has i>««n «(lv«n«04l fiu*^«r to ««t«1illili nupna «ert 
U4 X«v«Iii ' • aH of p«p«ntai« (^ l»>t ^«» ^3/2 5/2 7/a» 
^^5/2 7/2 '^^ t/2 7/2* '^^* lm«f«» <mly tuo linr«tl.« of 13M 
«,nflg««M«. . t n i ummom. » . « « » Mlth . , ( 3 ! ' ) \ , 3 «,* 
%i^ H<t • %>^ Cn > 5>ff nf iny/k) «iiall bisv« «o )M tsiMn v|p 
In 7ftttl« 5*11 ^^ •^4r3a«it«l <ui iftill aa tto«or«ti«aX 
^ u . . of >«^4 l ^ d . a . . With p . ^ U . . «i«p..t«l«l » . 
giiraii* tli«or«U«ftL viau«« and p^TMtmtmtf ooHpoaltlaiM mm 
««lQula««d tosf B*D* Cswan (Pflv. COM* t967)» FOJT X«v«lt o«i)«r 
mifln J • t/2 v«Iti««« UMI l.»>»Bli—a althav doHliiataa arfar 
ot^^y aahwaaa ( iJ« JX «»4 u:) or haa tha awia piullgr aa 
otiiara* For J « 1/a Xaradat tha JJ * aalMMo algnlfl^anttar 
<SaMdUiat«a trrmr o^wr ndsimtna, hmi^m J « 1/2 X«*r«I« h«v« 
b««ii glY«n In iJ «« V4XI aa Iji Livadb4M« t»i% tiM p«yQ«iili«4« 
ocMposlU«iii i« 4lv«ii la JJ • a^ MM« only* 
In Fig.^.ly p^^ Wd l«v«X« «r« chown. tiralMn liii«a 
iti(lioat« I3MI HMoratiOiilljf pr^ NtLattid }ioatti«Mrw of i»otimiVo4 
l«v«l«. In l'ii|«5»2t lMi«l90tnmi« pljot of ^^M l«v«Xa i s 
givan ualJMI ttvi Xatast data for Y Vllg Mo X fvoH Hahliiullijit 
at aa.(t973) nnd for :sr v i n fnai Khan «t la. (1930) • 
Wilih Clia baXp of tlila worn wa o«n<« to find that In 
n« .a of Baaslaiaiidi at al,(197^), taia lairala (^0) ^^^^ ^^ ^ 
h«ra not Intarahangad anoaaoualy* Xn tZialr Taiala II, tha 
pa?«ita^« of % ilMmId ba paad C^ D) Inataad of (^)* 
' * • ' * liiffiiaMrewiiTfflwwW III ^ ^ i i i ] ^ ^ i»riiniiii «^WMlfc»» 
ya obaai'va on otir plataa 26 tranaitionc aonnaettai tlio 
aoHfltfitrat&ona Ha^ Hp^  and h^^m out of thaaa, 13 am tha 
a«M aa 99pov%9A by Raador at aL*<198l)t tha Una thay rapovt 
O 0 
at Mi3«3l8 A oooura at ¥i3,a77 A on our ta^m^m^mm^ nhafvaa 
«a aoiild not tv«aa hla f*«Malnisif two tranaltlona in thla crragr 
at 3^5*5^ t and 37H,131 t . wa hata found 12 now Ha^^-ltHi^^ 
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YVn ZrVUl NblX MoX 
X«v<dL8 of j|fiaiiin4 oonflguratton* 
54 
tr«nalUon«. Mlllh th« }i«lp of e)<i««y lOl th« mXi^t h»%ip^ 
X«v«(l« of Ti««d«r «t nil* got oonfiVMod. 
In tho fipootruH of 'ir VI7I« ?nimi «t iil«<1<7^) r«portod 
initlyaifl of this t^rray iftill IIIIDIII! of tho obonro-montLoMd 
piiS»«r of ^oaiior 4t OLL** tb« foratir hA« b»«m Ignorod lijr th« 
lattor miVnom* on OGimptrtJig ^ « tiAi p«p4ra« v« oonoludo tl^t 
H «^4«r «it al* havo oonflm^d a«ifv«n HaM) Xanrola of Khan ot aX* 
In •y.T v i l l i tha ^il^th onOf i«a« ' ^ /g ^*» '^**w oowaotly 
r«via«»<l tajf tlMM* Tha i^wlaad ira3.u«i f lta vail into tiha lao-
alaotronio plot (Flg«$«t>), 
w« h^ tva plottad tlia laval atmiotura of %»^  }in4 W^i 
oonflguraUoRs of lfl> IX in ^ ii.5*3» tha laoalaotvanlQ pXot 
fo^ thair lovala la jfiir^ iii in vi(«9«i*t tiia 4at« af« taMn 
fKM naadar at al*(198l) for T VXl, ^v TIXI mA m %* 
In Fi«s«5«2 «i4 5»^9 tiia oantra of $jtmX^ Q for ttia larvaXc 
of ^>^ oonfl«iur»tioii ±9 ««Xoiilata4 bar Hia fiomuX« 
^h«p« Uj la tha anargy of Itoo J»I«v«iL» Ol Ite aaiaaalfiad liaaa 
ara aaaantAad in 4p94ni(iii X «a a«14 toafteta* 
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C!iii^ %«l H n t 1969 'f» Opt. too. m^ J2 969 
•""•" •" 1970 Phy«» nw* X 31 
1970<«) Pliy«« aoy* 1 10H 
•-•• -"•"—— 1971 J . opt* acMi» HI. Itl ia6i» 
<.*h<i#itiil n 1 :?, Ba^lMMlli^ K aBi4 h^BJKl m 197»» *T, ??»yii. Bt Atom, 
QnM^tai H i% z^ niAiimOltii % md Khm^om n 1976 H ^ s . lor* J^| 28l 
Ctiarlofl a y 1 9 ^ Pliy«. ««»• 2Z 120 
fkmdon : U and .»Swrtl«]r 0 H 1953 * th« •Thaairy of i^toolo np««tr«»« 
Camim n !) 1967 Pt lv , (Son* 
1967 Fby». Biitr. j ^ ?»• 
— — - 1968 ,T. Opt. .30©. n . 51 92*» 
Hdlim a 196W «AtoHiii '|p«etr«* in Hi*iaiM«9li D«I> Plignik, Vol. X ^ I l 80 
iSM«tg J 0 , nmmtk s i «id H««d«r J 1972 J . Opt. ^ o * m* §Si 1139 
sp«t«iii dh mA mm^r J i9Sa ;r. opt . mm» « . 2 i *<76 
K«ny B X. 1968 ^iSmitmixm Uxmw Mlam 2000 % H-Ajr*, ITgrsI H9«. z.«b* 
Wttghlngton ( D . 0 » ) ti.s.A* 
lOuo Z At Oba^tal M il ^ and Huhlmilliifo K 1990 J . P n ^ . Bi A«QM. 
MslM, FHya* 13 2517 
Whrn % kf ntMmOXtiA K and cai««i^ tti& N a 2 198I Fiiya. Bw* JQ aW3 
Khw ;s A 1991 Ph.!). llMClCt ^ H 0 ai«ai«i (Indiii) 
60 
MtmAMim ht strVMd II ami Pmtmwwam a 1969 ArklY For Fyaik 3Q, U71 
HorUXon C mA Vargis J 1*l7»» Phy«. i^or. 32 227 
Ptraaoii w «nd V«Xtiid ii 1972 Phi/a. ior» 1 1S7 
TiaihlHtOIali K, Oui^tftl H a 2 an4 fChittoon a 1976 ?hyn» l or . Jlli 221 
-«««»»«,----««.««.«,-.--. .«.,,>-.,.«^ ^975 !*hyg» rsor. J[§ 96 
«fio T B 1953 Tnd. J . Phyii. J2 *^7 
^••(top ^, ^at«JD a L and im^mrg J o 1972 J* opt* ;3OQ. ^ » M 373 
r?««rl«r .T 1975 jr. opt . Joe. m* §^ ^S6 
m^Omr J and ^o«iul«t« M 1976 J". Opt. >to«. m* §!^ ^ 96 
——^  -"• -• 1979 J , Opt. ;loo. .'^. ^ 239 
— 1931 y. Opt. loo. «i. 21 U3W 
l<«>iff I, I 196*1 » ?uiinti«i M«flto«ila»f^ 3rd* M . , MeGraw-15111 Hook 
t^mpmijf IiiQ.y ?l«i« TorlCt Chiipttr 12 
"fXatwr J C 1960 * c^anttM Ttmory of AtanlQ atruatuni*« He(lr«i#»Hlll 
aook OoMpWt Xno., N«w YofH.Vol.X «fc II» Ch«ipt«rt S,9tl7 
Whlto H n 193^ * IntrodiMitioii tQ ^tonio ipootrft*, Hear«i#»Hlll Book 
Caapma^^ Ina. , H«w torkt Chapter xvi i 
• * « • • » 
In thlo th«8ifl« nmi mnnky^^a of $fb v i , Ti i i urut IX ta^ 
pxNM«nt«d. In m) Vly X«v«I «truotur« of 12M oonfl^mtloiis 
^ p ^ t ^9$ 6*f 7*f ^ ^^ U«%)^ W(I i s 4<it«inin«4 Qanpl«t«lj W nov, 
^1I« that of %»^ 6p, 54 iVi<t ^f In p«rt. Furth«r pvofwiiM In thu 
mi«teMt«ndlng of thl« sp<i«tiruii wlXX r«qulir« «liite)rat« oonputations 
ttnd fiHmfti sp«otriil r»«»r<ling« at optivnai oondltlona of «x<3ltln(| 
this •«fy iQ^vatnw. I t Is b«0im8« « l o t of lnt«iwoonfiftir«tlan 
int«rm«8tloiia ar« ii«volT«di In tti« l«v«i stmaturva ]f«t to 1M 
rup VOPM on *Jb VIII haa not b««n so «tlaborat« as on lib V2. 
?lon« of th« oonfl«uratlo«i« handXod, Tla. Up^ lidl, 5p and Vf haa l>«an 
Qonplatad, daaplta vaty finiitful pivgraaa In anaXyala* ^dvanaing 
this vorif fitrthav dmmm%M owfwaii pnograaa in tha Bm I»8a<{iianQ«« 
partloularly In tha ration nai^bouring Vh tfi7I« 
tha woilE tin Kb x:x oonoama iialiily tita ax«ltad wmfl$ptrmtiMm 
Vp^ tidf i^ Nisa aoaplata i«s<lai»at«)<lin< la laoliad tagr tlw onlsr two Xavtfia 
that 4o not ooaMna with ^»aa of tha gi«yund oonflguratdUm Mi^ * 
Fuftiiar atudtaa in thla iQ»aatna alao urga Mora voili on ^la 
AaX<»aaqii«Boa« ao that raalttr of Itea lavala oan ba aatabllaliat) bgr 
laoalaatroRla aoHpailaaiia* 
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